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RECONSTRUCTION OF HEATING SYSTEMS OF EXISTING RESIDENTIAL
BUILDINGS BY MEANS OF EQUIPPING APARTMENT HEATING SYSTEMS WITH
HEAT METERS

In the article the results of the pilot project on re-equipping of vertical single-pipe heating system of the standard high-
rise apartment building for horizontal individual heating system, that provides to install a metering device of heating
energy consumption in each apartment, are reported. Two variants of individual heating systems are presented. Under
the first variant one centralized heating energy source is used, thus the heating system of each apartment is connected
directly to the communal part of the system without the heat exchanger. The second variant provides the possibility
to install the additional heating energy source in each apartment. Installation of a plate-type heat exchanger and a
recycling pump is provided for opportunity of stand alone operation in each apartment. Heat meter availability in each
apartment motivates the dwellers to implement energy saving actions that will lead to natural gas saving and reduction
of greenhouse gas emission in the environment.
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system, horizontal heating system, heat meter.

Introduction. Reduction of natural gas
consumption is a strategic orientation of en-
ergy security improvement. The significant
consumers of natural gas in Ukraine are pop-
ulation and district heating utility enterprises,
producing heat energy and heat water supply
for population needs (approximately 50%)
[1-6]. According to “Conception of integra-
tion of arrangements for sustainable financ-
ing of activities on energy saving”, approxi-
mately 60% of energy are lost due to ineffec-
tive usage of energy resources in the area of
housing sector centralized heating, where-
with 98% comprise apartment blocks [7]. The
residential properties of Ukraine has substan-
tial potential of energy saving. 61% of build-
ings were built before 1970, during the period
of low-price energy sources and lack of qual-
ity building materials, resulting in high en-
ergy demand of buildings. At the moment the
average value of energy intensity of apart-
ment buildings in Ukraine is
264 kW-hour/m?, that 2-3 times exceeds en-
ergy intensity of buildings in EU
(90 kW-hour/m?) [7].

In accordance to the analysis, carried
out by the State Agency on Energy Efficiency
and Energy Saving of Ukraine, integration of
activities on energy saving in the housing
sector can provide 47% of economy of the
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final energy consumption [8]. According to
the Conception [7], 64% of gas economy can
be obtained by means of heat insulation of the
residential properties. Without involving of
financial assets of the population it is difficult
to solve this task.

In accordance to the Law of Ukraine
“About fiscal metering of heating energy and
water supply” [9], it is necessary to install
units of distributing metering of heat energy
in the apartment blocks within three years,
that each owner can pay his part of consumed
heat energy.

However the problem of installation of
heat energy residential meters is that more
than 80% of the residential properties of
Ukraine were built in the period before 2000
and were equipped with the vertical single-
pipe heating system. The structure of such
systems completely excludes installation of
the heat energy residential meters. Re-equip-
ment of the existing vertical single-pipe heat-
ing systems for the horizontal double-pipes
individual heating systems will motivate in-
tegration of activities on energy saving and
lead to significant reduction of heating en-
ergy [10-11].

At the moment payment for heating en-
ergy is performed by an owner on the basis of
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cost of heating of one square meter of living
space, multiplies by the area of the apartment.

The cost of heating of one square meter
is determined by the heat energy supplier by
means of division of total amount of heat en-
ergy, consumed by the house for a month as
per values of the communal meter, by total
area of all heated apartments and multiplied
by cost of one gigacalorie of heat. The cost of
heating of common facilities and other com-
munal losses is also included in the heating
cost of one square meter of the apartment.

During cost calculation of heating of
each apartment, the ration of heat insulation
of the apartment and its position in the house
(floor, middle or corner ect.) is not taken into
consideration. Notwithstanding that the part
of apartments of the house is already heat in-
sulated; the payment is calculated equally for
all, though heat losses of the heat insulated
apartment are less, than of not insulated one.

After re-equipment of the heating sys-
tem, according to the offered project, the fun-
damentally new calculation method for heat-
ing energy in each apartment is implemented
in the house since January 1, 2018.

The calculation principles are the fol-
lowing:

1) the owner of each apartment pays
only for the heating energy, that he consumes
according to the reading of the meter in his
apartment;

2) the owner of each apartment pays cost
of heating of common facilities and other
commune losses additionally to the reading
of the meter in his apartment. Consumption
of heating energy for these needs is deter-
mined as the difference between readings of
commune heating energy meter and amount
of readings of apartment heating energy me-
ters, divided by amount of areas of all heated
apartments and multiplied by the area of each
apartment.

Material and methods. Starting
point. In the last three years MRK “Teploen-
ergiia” in cooperation with the scientists of
Kharkov National University of Civil Engi-
neering and Architecture has been concerned
with modernization of the heating systems of
the existing high-rise apartment buildings
with the purpose of arrangement of individual
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regulation of heating consumption and heat
energy metering [10-13].

The design solutions on installation of
apartment heating with heat energy meters in
the existing buildings, developed by the au-
thoring team, have been tested in the large-
panel residential house with 32 apartments, 4
floors, 3 communal hallways, a basement and
a technical floor, built in 1990. The commu-
nal heating system of the house is “standard”
vertical, single-pipe, with bottom distribu-
tion, i.e. the standard scheme of 60-90 years
(Fig. 1).
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Fig. 1. The existing vertical single-pipe heating
system: 1 — centralized heat source (CHP, boiler
house); 2 —communal heat meter; 3 — heat distri-
bution station

The communal hallways do not have
any heating units. Above-zero temperature in
the hallways is maintained by means of heat
transmission through apartment inside walls.
The house obtains heat energy from the cen-
tralized heat supply system. The connection
to the centralized heat supply system is car-
ried out by means of the heat distribution sta-
tion, located in the basement of the building.
The communal heat energy meter is installed
and properly operates during two heating sea-
sons.

Solution method. After modernization
of the heating system, heat energy is supplied
from the individual heating plant through the
house basement through two steel thermal in-
sulated pipes (delivery and return), which the
vertical stand pipes are risen in three commu-
nal hallways from. The inlet point in each
apartment is carried out from the stand pipes
in new individual heating systems.

The heating systems of the apartments
are made of propylene pipes, stiffened with
touchstone. The thermo shutting down valve
with the thermostatic head is installed on
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each heat radiator for opportunity of main-
taining the temperature in each apartment that
the dwellers need.

The dwellers were proposed two possi-
ble variants of individual heating systems.

The first variant of possible individual
heating systems has only one centralized heat
energy source, therefore the heating system
of each apartment is directly connected to the
communal part of the system without the heat
exchanger (Fig. 2a).

Y
M
s

“
o
XX

!
!

The second variant provides the possi-
bility of installation of the additional heat en-
ergy source (electric boiler, solar unit, heat
pump and others) in each apartment. Such so-
lution allows to switch on and off the heating
at any time, independently from the central
heating energy source. Installation of a plate-
type heat exchanger and a recycling pump is
provided for opportunity of stand alone oper-
ation in each apartment (Fig. 2b).

DRE-DKE

Fig. 2. Diagram of individual decentralization (a — with direct connection of apartment heating systems; b
— with individual connection through apartment heat exchangers): 1 — centralized heat source (CHP,
boiler); 2 — communal heat meter; 3 — apartment heat meter; 4 — thermostat controller; 5 — plate-type heat

exchanger; 6 — recycling pump; 7 — electric boiler

Obtained results analysis. The project
on re-equipment of the old single-pipe heat-
ing system for the individual system with the
custom heat meters is realized in Ukraine for
the first time. Within the scope of works, the
design, completing, construction and installa-
tion and adjustment works on modernization
of heating systems of any residential house
by means of installation of the individual
heating systems with revenue heat energy
meters in each apartment were carried out.

Installation of shut-off valves and ther-
mostat controllers on each heating unit com-
pleted with installation of the individual me-
ter provides conditions for optimizing control
and consumption of heat energy, providing
energy and finances saving.

The average cost of carrying out of
modernization of one apartment of the

observed house is 940 Euro, and the budget
(economy) variant without replacement of
the heating units and installation of thermo-
stat controllers will comprise 550 Euro. In
Tabl. 1 the costs of installation of high-qual-
ity and the heat energy meter of the corre-
sponding price, replacement of all heating
units for modern ones, installation of the ther-
mostat controller in front of each heating unit,
laying of new pipes and fittings in the apart-
ments are indicated.

The result of such reconstruction is
complete refusal from the existing single-
pipe vertical heating system and its replace-
ment with the individual horizontal double-
pipes heating systems with the heat energy
meters.
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Table 1 - Costs for complete reconstruction of the standard residential house with 32 apartments (in Euro*)

Costs for re-equipment of the heating system of apartments considering the communal costs, related to
one apartment (Euro)
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* —the average value for 2017: 100 Euro = 3000,42 UAH [14].

In the calculation of the payback pe-
riod, we have every right to count out the
costs for new pipeline laying under installa-
tion of the horizontal heating system, as all
existing heating systems of the past century
almost served out their statutory service life
and under retrofitting, they are subject to
complete replacement.

Conclusions.

1. The developed scheme of the heating
supply (heating system) allowed fulfilling
revenue metering of heating medium supply
directly in the apartment, both under central-
ized heating supply system and under combi-
nation of centralized and decentralized sys-
tem of heat medium supply.

2. Reconstruction of heating system ac-
tually resulted in reduction of heat energy
consumption by the apartment more than
30% for the heating season, that in monetary
value for the “average” apartment is approxi-
mately 100,0 Euro/year or 25-35% of costs
for heating supply of the dwellers.

3. The payback period of investments
will comprise 3-4 years.

4. Availability of the individual heat
metering device is significant motivation for
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fulfillment of external heat insulation of the
apartment and corresponding reduction 20-
30% of greenhouse gas emission in the envi-
ronment.
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Tapanaii O.M., Ciraa O.l., byraii B.C., [1aBaiok
H.10., llaxnenko €.1. PEKOHCTPYKIIA CUC-
TEM OITIAJIEHHSA B ICHYIOUHUX KHUTJIO-
BUX BYJUHKAX HIJISAXOM OBJAJTHAHHSA
KBAPTUPHUX CUCTEM OITAJIEHHSA 3 JII-
YUJIbHUKAMMU TEILJIA. V craTtTi HaBeneHi pe-
3yJIBTaTH MIJIOTHOTO MPOEKTY 3 IepeodiaIHaHHs Bep-
THUKAIBbHOI OMHOTPYOHOI CHCTEMH OTaJIEHHS THIIOBOTO

6araTonoBepX0OBOro XHUTJIOBOTO OyIUHKY Ha TOPH30-
HTaJbHY MOKBAPTUPHY CUCTEMY OIAJICHHS, SKa Ja€
MOJKJIUBICTh BCTAHOBJICHHSI Y KOXKHIH KBapTHpi MpH-
najiB 00Ky CIIOKHUBAaHHS TeILIoBoi eHeprii. Po3ris-
JIAlOThCS JIBa BapiaHTH MOKBAapTUPHHX CHUCTEM OIa-
JICHHA. 3a MepIIoro BapiaHTa BUKOPHCTOBYETHCS OTHE
LIEHTpaJli30BaHe HKEPEIO TEIUIOBOI eHepTii, TOMY CH-
CTeMa OTAJICHHS KOXKHOI KBAPTUPH MiAKIIOYAETHCS 10
3araJbHOOYIMHKOBOI YaCTHHU CHUCTEMH Oe3rocepes-
HBO, 0e3 TerooOMiHHMKa. [pyruii BapianT mependa-
Ya€ MOXJIMBICTH BCTAHOBJICHHS y KOXHIH KBapTHpi
JIOJIATKOBOTO JKEpesa TeIIoBo1 eHepril. s Mosxm-
BOCTI HE3aJIe)KHOTO (DYHKI[IOHYBaHHS IepeadadeHa
YCTaHOBKA IUIACTHHYACTOIO TEIUIOOOMIHHMKA 1 LIHp-
KyJISIIIHHOTO Hacoca B KOXHIH KBapTHPHIA CHCTEMI.
HasiBHicTh npuitaty o0JIiKy TEIUIOBOi €Heprii B KOX-
Hill KBapTHp1 CTUMYJIFOE€ MEIIKAHIIB BIPOBAIKYBaTH
eHepro30epirarwdi 3aXou, o MpU3Beae 10 CKOHOMIT
TIPUPOTHOTO a3y 1 0 CKOPOUYCHHS BUKHU/IIB TTAPHUKO-
BHUX Ta3iB Y HABKOJIUIIIHE CEPEOBHIIE.

KarouoBi cioBa: pexoHCTPYKIis, LEHTpaTi30BaHE
JDKEpeIo TEIUTOBOI eHeprii, KBapTUpHa CHCTEMa Oma-
JICHHSI, BEPTUKAJIbHA OJJHOTPYOHA CHCTEMa OaJICHHS,
TOpU30HTaJIbHA CUCTEMA ONAJICHHS, TeIIOIIYHIbHUK.

Tapanaii A.M., Curaa A.W., Byraii B.C., [laBiaiok
H.IO., laxnenko E.JI. PEKOHCTPYKIUS CHU-
CTEM OTOIUVUIEHUSA B CYHIECTBYIOIIUX
AKUIbIX 3JAHUAX INYTEM OBOPYIOBA-
HUS KBAPTUPHBIX CUCTEM OTOIIVIEHUSA
C CYETYUKAMMI TEIUUIA. B crathe npuBeIeHbI
pe3yIbTaThl MIJIOTHOTO MPOEKTa TI0 IepeodopyIoBa-
HUIO BEPTHUKAJbHOH OJHOTPYOHOU CHCTEMBI OTOILIE-
HUS TUIIOBOI'O MHOT'O3TaKHOT'0 XKUJIOTO 3/1aHUs Ha ro-
PU30OHTAIBHYIO HMOKBAPTUPHYIO CUCTEMY OTOIUICHHS,
KOTOpasi JaeT BO3MOXKHOCTh YCTAaHOBKH B KaXKIOH
KBapTHpe MPUOOPOB ydeTa MOTPeOJICHHS TEIIOBOM
sHepruu. PaccmarpuBaroTcs 1Ba BapHaHTa ITOKBap-
THUPHBIX CHUCTEM OToIUIeHMA. lIpu mepBoM BapuaHTe
UCTIONIB3YEeTCS OJWH ILEHTPAIM30BAaHHBIN HMCTOYHHMK
TEIUIOBOM SHEPruH, MO3TOMY CHCTEMa OTOIUICHUS
KaXT0H KBAapTHPHI MOAKIIIOYACTCS K OOIIEIOMOBOM
YacTH CHUCTEMBI HAIpSIMyI0 0e3 Tero0OMEHHHKA.
Bropoii BapuaHT mpeaycMaTpuBaeT BO3MOXKHOCTb
YCTaHOBKH B KaX/10M KBapTUPE JOMOJIHUTEIBHOIO UC-
TOYHUKA TEIUIOBOU sHEpruu. /11t BO3MOXKHOCTHU HE3a-
BHCUMOTO (YHKIIMOHUPOBAHHS MPEAYCMOTPEHA yCTa-
HOBKA IUTACTHMHYATOTO TEIUIOOOMEHHHKA W LUPKYIIS-
IIMOHHOTO HAacoca B KaXJIOM KBapTUPHOHN cuCTeMeE.
Hannawe nmpubopa ydera TenaoBoil 3HEPTHH B KK 0N
KBapTHPE CTUMYIHPYET KHIIBIIOB BHEIPATH dHEPrO-
cOeperaromye MEpONPUATHS, YTO NPUBEJET K IKOHO-
MHUH TPUPOJHOTO Tra3a W K COKpAIICHHIO BBIOPOCOB
MAPHUKOBBIX a30B B OKPY’KAIONLIYIO Cpeny.
KuroueBblie c10Ba: peKOHCTPYKIUS, LEHTPAIN30BaH-
HBIA UCTOYHUK TEMJIOBOM SHEpruM, KBapTUpPHAs CH-
cTeMa OTOIUICHMS, BEpTHKallbHas OJHOTpYOHas cu-
CTeMa OTOIUICHUs, TOPU30HTAIbHAS CHCTEMa OTOILIe-
HUS, TETUIOCYETUHK.
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